Determination of plasma amino acid levels has become a key piece of information in the diagnosis and clinical management of a group of metabolic genetic disorders. Appropriate laboratory methodologies have been published for amino acid analysis, yet there is a need for direction for the laboratory in performing this testing. The following guidelines were generated by a working group of the American College of Medical Genetics Laboratory Quality Assurance Committee. Based upon a body of knowledge and professional experience, these guidelines and standards are to be the benchmark for performance of amino acid analysis for clinical interpretation. Genet Med 2004:6(1):66 -68.
F7.5 QUANTITATIVE AMINO ACID ANALYSIS F7.5.1 Introduction
The universal importance of amino acids stems from their role in literally all metabolic and cellular functions. Amino acids serve as protein building blocks, as metabolic intermediates, and as a source of energy. By definition, amino acids contain an amino group and a carboxyl group, and may contain another functional group (e.g., sulfhydryl, hydroxyl, or secondary amino or carboxyl group). Ion exchange chromatography analysis of amino acids in plasma is the most common diagnostic method to identify defects of amino acid metabolism. Screening methods such as thin layer chromatography that do not result in positive identification of all amino acids of clinical interest can lead to errors. Laboratories that use such methods should make the limitations of the methodology clear and indicate the appropriate follow-up testing in the patient report. The quantitative analysis of a clinical specimen requires three steps: (1) isolation/separation of the free amino acids from the physiological specimen; (2) separation and identification of the tagged or labeled compounds; and (3) quantitation of compounds by comparison to standards.
F7.5.2 Background

F7.5.2.1 Clinical description of disease (amino acidemias and acidurias):
As a group of inborn errors of metabolism, amino acid defects are clinically and biochemically heterogeneous. They are characterized biochemically by the accumulation of pathological amounts of normal metabolites or by the accumulation of metabolites that are not present under physiological conditions but are produced from the activation of alternative pathways in response to the loss of function of a specific gene product (enzyme). The natural history of these disorders is variable and disease-specific. F7.5.2.2 Prevalence: The birth of a child with an amino acid disorder is not rare. The estimated incidence of phenylketonuria (PKU) alone is 1:12,000, with the combined incidence for all amino acidopathies estimated at 1:6,000. This estimate does not include other inborn errors of metabolism (i.e., organic acid disorders, some urea cycle disorders, and congenital lactic acidemias) that may require amino acid analysis for diagnosis and monitoring of patient treatment. F7.5.2. p o l i c y s t a t e m e n t January/February 2004 ⅐ Vol. 6 ⅐ No. 1 tive renal transport (e.g., cystinuria and renal Fanconi syndrome). Amino acid concentrations are more variable in urine than in plasma due to factors such as renal function and greater interference from medications. Therefore, urine amino acid analysis should be discouraged as a first tier investigation when screening for an inborn error of metabolism unless a specific disorder is suspected for which plasma is not informative or urine analysis is valuable for the purpose of differential diagnosis. Urine collection should avoid fecal contamination. Urine should be collected without preservatives. Cerebral spinal fluid (CSF) is useful in the diagnosis of several disorders, most notably nonketotic hyperglycinemia. CSF samples are most informative when a plasma sample is collected at the same time and the ratios of amino acid concentrations in CSF to plasma are calculated. F7.5.2.5 Specimen processing: Once collected, timely centrifugation and separation of plasma or serum specimens is important to reduce the influence of other blood constituents on the soluble amino acids. Hemolysis should be avoided because red blood cells contain high levels of certain amino acids. Before analysis, the plasma or serum specimens must be refrigerated for the short term (Ͻ 4 hr) or frozen (Ϫ20°C) to arrest amino acid degradation. CSF and urine must be frozen immediately to prevent loss of some amino acids. Note that free homocysteine levels in plasma specimens will be reduced over time as homocysteine binds to albumin and other plasma proteins. With timely processing and analysis of specimens, ion exchange chromatography is suitable for detecting the large elevations of homocystine found in homocystinuria. This method is not suitable for detecting moderate elevations of total homocysteine found in hyperhomocystinemia.
F7.5.2.6 Clinical indications for testing:
The clinical presentations of different disorders of amino acid metabolism are variable and often nonspecific. Onset of symptoms may occur in the neonatal period or as late as adulthood. Amino acid analysis should be considered in many clinical situations, including when any of the following are present:
1. lethargy, coma, seizures, or vomiting in a neonate 2. hyperammonemia 3. ketosis 4. metabolic acidosis or lactic academia 5. alkalosis 6. metabolic decompensation 7. unexplained developmental delay 8. polyuria, polydipsia, and dehydration 9. abnormal amino acid results by newborn screening 10. previous sibling with similar clinical presentation 11. clinical presentation specific to an amino acid disorder F7.5.3 Guidelines F7.5.3.1 Preanalytical variables: Treatment of patients with antibiotics such as ampicillin or medications such as cough syrup and some anticonvulsants; nutritional status; and bacterial contamination of specimens may affect results and should be taken into account during interpretation.
F7.5.3.2 Specimen preparation:
Deproteinization of the physiological specimen is necessary. A common laboratory method of specimen preparation is acidification of a known specimen volume with a known small volume of concentrated acid, such as sulfosalicylic acid or trichloroacetic acid (TCA) to precipitate proteins and large molecules, followed by centrifugation, leaving the water soluble amino acids in the supernatant for analysis. Another method is to use low molecular weight cut-off filtration. At least one internal standard is added to the specimen and the pH is monitored and adjusted if necessary. Several methods also utilize a microfiltration of the supernatant using a syringe/filter apparatus to protect the column and permit optimum chromatography. F7.5.3.3 Separation techniques: Ion exchange chromatography is the most common method of amino acid separation and analysis. Other methods that result in the positive identification of amino acids, such as tandem mass spectrometry, may be used. Tandem mass spectrometry typically is used to measure specific amino acids for newborn screening.
When separating by ion exchange chromatography, derivatization of amino acids is required for detection and can be accomplished either precolumn with o-phthalaldehyde (OPA) or phenylisothiocyanate (PITC) or postcolumn using ninhydrin. Postcolumn ninhydrin derivatization is preferred because it involves minimal sample processing and produces more consistent results. Several autosampler/ion exchange/detector configurations are commercially available that allow for positive identification of amino acids by their chromatographic retention time. These instruments have published methodologies that must be validated in the individual laboratory. F7.5.3.4 Calibration: Quantitation without the use of a reference standard is not acceptable. Quantitation should be based on the performance and regular updating of calibration curves covering the normal range and expected pathological values. The laboratory should determine the linearity of all clinically informative amino acids. F7.5.3.5 Chromatogram analysis: Identification of amino acids by ion exchange chromatography relies primarily on chromatographic retention time and retention time relative to an internal standard. If ninhydrin is used for detection, the 440 to 570 nm ratio can be informative for identification of amino acids. Quantitation should be based on the recovery of the internal standard in each specimen compared to the recovery of the internal standard in the quality control amino acid mixture for each run (see F7.5.3.6).
F7.5.3.6 Quality control: A known control amino acid mixture should be analyzed repeatedly to establish an acceptable range for each analyte. This mixture should be analyzed periodically to verify the instrument. The frequency with which these standards are analyzed depends on the stability and use rate of the derivatization material. If patient samples are run in daily batches, the standard mix should be analyzed with each batch. The internal standard(s) in each specimen serves as a quality control (QC) check for each specimen. A QC program based on the quantitative analysis of normal and abnormal control specimens should be implemented on a regular basis.
Guidelines for quantitative amino acid analysis
The use of Westgard rules for clinical specimen analysis further controls the parameters for quality patient diagnosis and reporting (Westgard and Klee, 1999) . F7.5.3.7 Interpretation and reporting: Patient and specimen information, as contained in Sections C2.4, C2.4.1, and C2.4.2 of the Standards and Guidelines for Clinical Genetics Laboratories, must be included on each report. The phone number of the reporting laboratory is required in case the referring physician has questions. Identification of all relevant amino acids should be listed and the quantity may be listed. When no significant abnormalities are detected, an amino acid analysis could be reported and interpreted in qualitative terms only. When abnormal results are detected, a detailed interpretation should include an overview of the results and their significance, a correlation to available clinical information, elements of a differential diagnosis, and recommendations for additional biochemical testing, including in vitro confirmatory studies (enzyme assay, molecular analysis). It must be recognized that reference values of several amino acids are characteristically age-dependent, thereby requiring that quantitative results be compared to a properly defined age group.
Whenever possible, confirmation of a diagnosis of an amino acid disorder by an independent method, typically by in vitro enzyme assay (blood cells, cultured cells, and tissue biopsy) or molecular analysis, is recommended. Interpretations of amino acid results are based upon relative amino acid levels, pattern recognition, and correlation of positive and negative findings, rather than on individual abnormal levels alone. Amino acid elevation(s) or overall profiles should be evaluated in the context of clinical findings and/or additional test results.
